Background Global health is the study, research, and practice of medicine focused on improving health and achieving health equity for all persons worldwide. Such focuses are core tenets of modern medical practice. The General Medical Council (GMC) have published several documents that outline specific global health learning outcomes and competencies that are essential, non-elective components of UK medical school curricula. However, there is a paucity of evidence demonstrating that medical schools have integrated these mandatory global health learning outcomes within their curricula. This multicentre study aims to delineate the breadth of global health teaching during undergraduate and graduate entry medical training across UK medical schools.
Global health can be best understood as the study, research, and practice of medicine focused on improving health and achieving health equity for all persons worldwide (1) (2) (3) . Such focuses are core tenets of modern medical practice (4, 5) . As health advocates, healthcare professionals (HCPs) have an ethical responsibility to understand and engage with global issues, in order to improve health worldwide (6) . It is key that this professional responsibility is fostered and encouraged at an early stage within medical education (7) . Moreover, in today's interconnected world, health challenges transcend national boundaries. Globally, HCPs will be facing similar concerns, and collaborating to achieve resolution. A barrier to this transnational learning has been the lack of education on how health systems function across borders (8) . An increased understanding of how care is delivered by various nations, is necessary for HCPs to learn from one another, and improve the practice of medicine globally. Furthermore, increased international migration and trade has accompanied increased globalisation. Consequently, diseases have been able to cross territorial boundaries more rapidly than ever before (9) . For that reason, it is key for health professionals to understand international disease epidemiology and trends, in order to prevent the spread of epidemics. Equally, effective healthcare leadership involves focusing on whole population health. This necessitates an understanding of why ill health and health inequalities arise and persist in certain communities (10) . To gain a greater awareness of patient and clinical complexities, it is important for HCPs to understand patients within the global context that they are embedded. Overall, it has become clear that global health education and training is essential to the core doctrines of modern-day medical professionals (6) .
Over the course of the last century, the need for robust global health education within the UK medical training programme has received attention from media, students (11) (12) (13) , and faculty alike (6, (14) (15) (16) (17) . There are now legislative voices, both locally and internationally, who demand the restructuring of academic programmes -such as medicine -to include global health (18, 19) . There is a primary consensus that medical schools offer global health teaching in the form of optional special study modules or intercalated Bachelor of Science degrees (10, 17) . However, global health education has been mandated as an essential, non-elective component of medical school curricula (14, (20) (21) (22) (23) . As the chief medical governing body, several documents from the General Medical Council (GMC): 'Tomorrow's Doctors', 'Outcomes for graduates 2018', and 'Generic professional capabilities framework' (20) (21) (22) outline specific global health learning outcomes and competencies to include and promote (14) . Most recently, the Global Health Learning Outcomes Working Group applied the outcomes listed in Tomorrow's Doctors as a blueprint for key discussions with global health stakeholders, namely: universities, the public, Royal Colleges, and other professional, educational, and civil society bodies. Through this process, a comprehensive list of global health learning outcomes was derived for compulsory teaching at all UK medical schools (14) . This list can be found in Appendix S1 of the Online Supplementary Document.
Despite strong arguments in favour of incorporating more global health teaching in the formal curriculum, there is a paucity of evidence demonstrating that medical schools have integrated these mandatory global health learning outcomes within their curricula. This is compounded by the limited data available from UK medical schools regarding the content of their medical syllabi, the methods through which they deliver educational material, and the quantity of global health education.
The Global Health Education in UK Medical Schools (GHEMS) study aims to delineate the breadth of global medicine teaching during undergraduate and graduate entry medical training across UK medical schools. This audit will evaluate current practices within UK medical curricula as compared to the Global Health Learning Outcomes Working group's comprehensive outcomes guide. Whilst the focus of this national audit will be on recording compulsory timetabled teaching, optional global health teaching and elective-related training will be recorded too. National discrepancies in teaching will be depicted, raising the onus on medical schools to provide a standardised and adequate medical education in global health. This model may also guide related ventures and undertakings on how teaching differences relate to university infrastructure, entry requirements, student perceptions, outcomes in Foundation and speciality application examinations, and career paths.
METHODS

Primary aim
To evaluate the extent of timetabled global health teaching activities in UK medical schools.
Secondary aims
• To characterise the nature and characteristics of global health education within medical school curricula.
• To develop a valid and reliable model that can be used henceforth to audit and evaluate medical education.
• To identify scope for expanded integration of compulsory global health education within medical school curricula.
• To provide advocacy for the need for global health education in UK medical school curricula.
• To establish a collaboration of medical students interested in global health to help enhance research capacity and to create a platform for future collaborative work.
Study design
GHEMS is a national, multi-centre audit evaluating global health education within UK medical school curricula during the academic year 2018/19. Global health education at UK medical schools will be compared to guidelines -derived from the GMC's recommendations -published by the Global Health Learning Outcomes Working Group for compulsory teaching at all UK medical schools (14) . The study will be disseminated through collaborative university medical school and student networks. The generic collaborative method, and the benefits that participating students derive from it are based on previous well-documented literature (23) (24) (25) (26) .
The GHEMS study will be delivered by the UK division of the International Student Surgical Network (InciSioN). InciSioN UK is a student-led, national body that aims to empower medical students and junior doctors in the UK to undertake global health research, education and advocacy.
Study setting
All medical schools in the United Kingdom recognised by the GMC, where students are currently studying for a UK medical degree, will be eligible to participate. A list of these medical schools can be found in Appendix S2. Medical schools that are scheduled to start after the period of this study (Universities of Sunderland, Lincoln and Edgehill) have been excluded. Medical schools located in the UK, with medical qualifications awarded by an overseas university, have also been omitted.
Each centre will provide data for all timetabled global health teaching activities carried out within the academic year 2018/2019, for each year of medical education in their undergraduate and/or graduate entry medical courses. This will ensure a full representation of undergraduate and graduate entry global health education in the UK.
Collaborator information
Any medical student enrolled in one of the medical schools in Appendix S2 of the Online Supplementary Document is eligible to participate as a collaborator in the study. Medical students will be invited to become collaborators in the study through several routes:
• Medical Societies.
• Medical School mailing lists.
• Organisations focused on global health, including Lifebox, InciSioN, and Students for Global Health.
• Conferences.
• Social media.
The maximum number of collaborators from each medical school is two. If more than two applications are received from a medical school, the GHEMS steering committee will score the applications based on their merit, and the top two ranking applicants will be selected.
Once selected, collaborators must attend a centralised training and support session delivered by the GHEMS steering committee. Following the training session, collaborators will be responsible for ensuring the correct departmental approval has been achieved prior to commencing data collection. Evidence of approval must be sent to the GHEMS steering committee prior to commencement of data collection. It is key that medical schools are formally engaged at an early stage of this study.
Following approval, collaborators must obtain timetables containing details of all medical teaching provided at undergraduate and/or graduate entry level at their medical school for the academic year 2018/2019. Each collaborator will independently code all timetabled global health learning events (compulsory, optional, or pre-elective), conforming to a pre-devised standard framework that will enable description of teaching events in terms of course year, duration, teaching format, and teaching content. The suggested overall data collection period will be Monday 1 st April 2019 to Monday 1 st June 2019. Each collaborator must collect the data independently. Following data collection, the data will be validated by the GHEMS steering committee, who will evaluate the level of agreement between datasets collected independently by different collaborators at the same centre. Table 1 shows the timeline for this project.
Following completion of the GHEMS study, all collaborators are encouraged to present their local findings to the faculty members responsible for organising the curriculum at their medical school. This is an essential step in all audit loops. In addition, presenting local results will help collaborators develop analytical and presentation skills, review the results with their local institutions, and encourage reformation from the process. Medical schools will also be able to request for their own specific data and the analysis done on said data from the GHEMS steering committee following study completion.
Data collection
If 2 collaborators are present in one medical school, they may act as a team for steps 1 and 2. For steps 3-19, they must collect the data independently and must not confer with one another.
1. Gain approval for data collection from your local institution. It is recommended that this be done as a first step, by reaching out to your head of curriculum, through email. A template email -Appendix S3 in the Online Supplementary Document-that includes all the relevant information will be circulated to local collaborators. 10. Populate the data collection form with the style of teaching (eg, PBL, lecture, small group, self-directed) for all teaching events selected in step 5.
11. Obtain the content for each teaching event selected in step 5. If unable to access the content of a teaching event, please skip steps 12-15.
12. Go through the content obtained in step 11 and identify all material that have a global health element to them.
13. Use the information collected in steps 4 and 12 to fill the data collection form with the description of the teaching content for all teaching events selected in step 5. This involves writing down the learning objectives selected in step 4, and the material identified in step 12.
14.
In the data collection form, write yes in the box related to an outcome noted in Appendix S1 of the Online Supplementary Document if the teaching event has met the criteria of that point.
15. If the teaching event has not met a outcome noted in Appendix S1 of the Online Supplementary Document, leave the box related to that point blank in the data collection form.
16. If you are unable to access the content of the teaching event selected in step 5, please write 'inaccessible' when filling the description of the teaching content in the data collection form. In the same box, please also write down the learning objectives of said teaching event that were selected in step 4.
17. If step 16 was used for a teaching event, use second-hand accounts of said teaching event where possible to note down whether any global health content was covered. Place this information in the 'description of the teaching content' section of the data collection form, and preface it with 'secondary sources claim:'
18. If pre-elective training was selected for a teaching event in step 9, please also note down whether any materials or services are provided to students to assist them with elective planning.
19. If the timetabled event is an elective, write down 'elective' as the name of the teaching event, write down which year of medical training the elective took place in, and write down the number of weeks a medical student can go on elective for in the data collection form. If debriefing routinely occurs following an elective at your medical school, please describe the material covered in the 'description of the teaching content' section of the data collection form.
Pilot study
A pilot study was carried out by medical students at the Universities of Oxford, Warwick and Sheffield. This mini study was done in order to optimise the design of the data collection form, and ensure methodology was feasible, with no barriers to effective data collection or study completion. A flowchart of the methods employed by the collaborator at each university is presented in Figure 1 . A consensus discussion agreed that the method used for Warwick Medical School was the best template for collaborators to use for this study.
Primary outcome
The primary outcome is compliance with the gold standard guidelines -derived from the GMC's recommendations -published by the Global Health Learning Outcomes Working Group for compulsory global health teaching at all UK medical schools (14) . The primary outcome measure will be the proportion of the 42 global health learning outcomes -listed in Appendix S1 -taught as part of compulsory timetabled teaching in the undergraduate and graduate entry medical training across UK medical schools. Proportions (P) will be calculated by counting the number of global health learning outcomes met by at least one compulsory timetabled teaching station -each global health learning outcome will only be counted once -and dividing that number by 42. The results will be anonymised, and no centre-specific comparisons will be performed. Subgroup analyses may be performed to look at differences between global health education delivered at compulsory 6-year courses, 5-year courses, and 4-year graduate entry courses.
Secondary outcome
Secondary outcome measures will include:
• Proportion of the 5 global health themes covered by compulsory timetabled teaching in the undergraduate and the graduate entry medical courses of UK medical schools.
• Proportion of the 17 global health sub-themes taught as part of compulsory timetabled teaching in the undergraduate and the graduate entry medical courses of UK medical schools.
• Proportion of timetabled events with learning objectives similar to outcomes in Appendix S1 that do not currently possess global health material at each UK medical school. • The number of weeks of elective availability for students at each UK medical school.
• The number of hours of global health teaching that all students are guaranteed to receive at each UK medical school.
• To describe the structure of global health education at each UK medical school.
Quality assurance
Design: This protocol and the accompanying appendices were designed and compiled with guidance from an expert cross-specialty advisory group. The methodology for student-driven audits and service evaluation have been widely validated across multiple datasets nationally and internationally demonstrating high levels of data accuracy (27) (28) (29) (30) (31) .
Training: All participating collaborators will attend a mandatory centralised training and support session delivered by the GHEMS steering committee. This session will allow investigators to become familiar with the protocol and describe how to register and run the study at their medical school. It will also allow collaborators to provide feedback on local issues or questions raised by their medical school. Throughout the data collection period, the GHEMS steering committee will be in regular contact will all the collaborators. This should allow collaborators to get prompt clarifications on any uncertainties that arise during the course of the project.
Data completeness:
Following data collection, only datasets with >95% of data completeness will be accepted. To emphasise the importance of data completeness to collaborators, data collections with >5% missing data points will be excluded from the study and collaborators withdrawn from the published list of citable collaborators.
Validation: Medical students at the Universities of Oxford, Warwick, and Sheffield carried out a pilot study. Based on their experiences, the data collection form was modified to improve clarity, objectivity, and more accurately measure the extent of timetabled global health teaching activities in UK medical schools. The data collection form was then sent to medical students at the Universities of Edinburgh, Leicester, King's College London, Birmingham, and Leeds. These medical students were selected as they had not been involved in creating the data collection form. Their responses were evaluated for potential problems, and the form was updated to ensure there were no barriers to effective data collection and study completion across participating centres. The protocol was also updated to include processes used in the pilot study to access teaching content. Validating steps were also built into the data collection protocol and data collection form. For example, timetabled events without learning objectives are automatically included for further analysis to avoid missing any material that addresses an outcome listed in Appendix S1 of the Online Supplementary Document. Similarly, if the content of a teaching event is inaccessible, 'inaccessible' will be entered when filling the description of the teaching content in the data collection form. However, we have included processes in the protocol with the aim of gaining an insight into the content of these teaching sessions.
In addition, two collaborators will be recruited to collect data at most medical schools participating in the GHEMS study. During the period of data collection, collaborators collecting data from the same centre will independently code all timetabled global health learning events and will not confer with one another. Collaborators will be reminded of this requirement through regular communications. Following data collection, Krippendorff's alpha coefficient will be utilised to measure the level of agreement between datasets collected independently by different collaborators at the same centre: the inter-rater reliability. Similarly, the medical students at the Universities of Oxford, Warwick, and Sheffield who carried out the pilot study will be asked to repeat their data collection. Following data collection, independent assessors -medical students not involved in the initial data collection and university faculty members -will determine the degree to which the two data sets collected at different times agree: intra-rater reliability. Furthermore, all collaborators will be asked to create a report regarding their experience with collecting data in order to identify any potential areas for error and to aid with data interpretation.
Data management
A standardised Microsoft Excel spreadsheet (Excel 2010; Microsoft, Redmond, Washington, USA) with pre-set fields will be used to collect data at each centre. Data protection regulations at each centre will be complied with. The audit does not involve the collection of any personal data. All data collected will be anonymised post-hoc. The data governance was approved following a review by a research ethicist and the director of medical ethics at Oxford Medical School.
Statistical analysis
The resultant data will be analysed via descriptive statistics to determine the proportion of the 42 global health learning outcomes published by the Global Health Learning Outcomes Working Group that have been integrated into undergraduate and graduate entry medical training at each UK medical school. IBM SPSS Statistics version 24.0 software will be employed for data analysis and to obtain descriptive summary statistics and outcomes.
With the assistance of a qualitative researcher, we will aim to utilise a deductive thematic analysis approach to qualitatively analyse the data contained within the 'description of teaching content' section of the data collection form.
Authorship
In accordance with National Research Collaborative (NRC) authorship guidelines (24), all publication outputs from GHEMS will be listed under a unified corporate authorship: 'In-ciSioN UK Collaborative'. Certain publications will include named authors on the bye-line as well as the group name. This will follow the example set by commendable collaborative including STARSurg and GlobalSurg (25) (26) (27) (28) (29) (30) (31) . Anyone who has demonstrated satisfactory completion of the minimum requirements for authorship will be eligible for PubMed-citable collaborative authorship in accordance with the roles defined below:
Writing Group: Responsible for the overall scientific content, data analysis, and preparation of research manuscripts.
Steering Committee: Responsible for the protocol design, project coordination, and data handling.
External Advisory Group: Cross-disciplinary experts who can ensure contextual and scientific relevance of the protocol design, data fields, and data interpretation.
Collaborators: A network of medical students across all medical schools. They are responsible for data collection.
Ethics and dissemination
Ethics
According to King's College London Research Ethics Committee guidelines (Appendix S5), the study is classified as an audit, and hence does not require ethical approval. This has been confirmed following a review by a research ethicist and the director of undergraduate medical ethics at the University of Oxford.
The study fulfils the audit criteria and does not need ethical approval due to the following reasons:
• All data collected will measure current compulsory global health teaching delivered in UK medical schools.
• Current teaching standards will be compared to published standards in the literature (14, (20) (21) (22) • The study does not involve interventions or randomisations to the delivery of medical education.
• No individual collaborator or medical school taking part will be independently identifiable in the study results
• Personal information will not be collected in this study
• No data will be recorded by a collaborator prior to written (or electronic/email) approval from the medical school they are collecting data from
• Data protection regulations at each centre will be complied with Additionally, advice was sought from King's College London Research Ethics Committee and Oxford Medical Sciences Inter-Divisional Research Ethics Committee. Confirmation has been been provided that the study does not require ethical approval (Appendices S6 and S7). Local approval must be sought accordingly.
Dissemination
The protocol will be disseminated primarily through recruited medical student collaborators. Should UK medical schools wish to see the protocol, collaborators may pass it along as well.
The study protocol will also be submitted for peer-reviewed publication. Any publications of the protocol will be advertised through social media, including Twitter (https://twitter.com/ incisionuk?lang=en) and Facebook (https://www.facebook.com/InciSionUK/).
Following study completion, teleconferences will be held with all collaborators to share and discuss the data analysis undertaken and the study results. Following this, the results will be presented at local, regional, national, and international conferences by medical student collaborators. A standard PowerPoint presentation and poster will be created for this purpose. All presentations will be coordinated by the GHEMS steering committee to adhere to conference guidelinesand to ensure all conference regulations are fulfilled. In addition, the results will be disseminated via publication in a peer-reviewed medical journal. All collaborators will be co-authors of resulting presentations and PubMed Citable co-authors of resulting publication(s).
Following publication, the manuscript can be shared by collaborators with their medical schools to feedback the study results, and to highlight the scope for expanded integration of compulsory global health education into the existing curricula. Medical schools may request their own specific data and the analysis done on said data from the GHEMS steering committee following study completion.
DISCUSSION
The study has been designed to be delivered through a national student collaborative group, with the aim of engaging students with multicentre studies and global health and establishing an InciSioN UK collaborative for future collaborative work. The methodology for collaborative student-led groups has been widely validated across multiple datasets nationally and internationally and has a track record for producing high-quality data (27) (28) (29) (30) (31) . A comprehensive study protocol and centralised training will ensure consistent and reproducible data collection. Additionally, fulfilment of collaborator roles will grant individuals with collaborator authorship, in accordance with NRC authorship guidelines (24), and may stand as an incentive to achieve high data completion rates. Recruiting two collaborators per medical school to independently assess the same curriculum will also increase the reliability of our outcome measures.
The study will be geographically comprehensive, as all 37 medical schools that are recognised by the GMC, where students currently study for a UK medical degree, will be eligible to participate (Appendix S2 of the Online Supplementary Document). We anticipate that recruitment will engage students from at least 80% of these medical schools, and there will be two collaborators present in at least 80% of participating medical schools. Medical schools that are scheduled to start after the period of this study (Universities of Sunderland, Lincoln and Edgehill) and medical schools located in the UK, with medical qualifications awarded by an overseas university, have been excluded from the study.
The limitations of this study relate to its snapshot observational design, which restricts the volume and complexity of data that can be collected. For example, we are unable to assess how global health teaching has changed from academic year to year. Our data collection is representative of the 2018/2019 curriculum, and we acknowledge that within the span of medical school for an individual, that curriculum changes are eminent. Additionally, to procure the data, collaborators may rely on learning objectives and teaching content available in a university's virtual learning environment. However, the content and learning objectives uploaded may differ from the true content delivered at a timetabled teaching event. Similarly, there may be learning objectives available for non-timetabled teaching events -such as teaching that happens on the wards -that correspond with a global health learning outcome published by the Global Health Learning Outcomes Working Group. Global health education also involves time spent in health care settings in different parts of the world through elective attachments, summer projects, global health conferences and other such platforms. We acknowledge that such opportunities vary between medical schools, and they have not been assessed thoroughly by this study. Similarly, this study does not assess whether the global health learning outcomes are examined at medical schools, and therefore whether competency in them are achieved by medical students.
This multicentre study will define, for the first time, the nature and characteristics of global health education within UK medical school curricula. If this study depicts national discrepancies in teaching, it will place the onus on medical schools and the GMC to provide standardised and adequate global health education within the undergraduate and graduate entry medical curriculum. To aid medical schools in achieving this, the study will also identify currently scheduled teaching events at each medical school that could incorporate global health learning outcomes published by the Global Health Learning Outcomes Working Group (14) . In addition, we will highlight discrepancies in the amount of teaching provided on each of the 42 global health learning outcomes between medical schools, by recording the duration of teaching and the global health content delivered during each timetabled session. The GHEMS model may also guide related ventures and undertakings on how medical education relates to university infrastructure, entry requirements, student perceptions, outcomes in Foundation and specialty application examinations, and career paths.
